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Description

TECHNICAL FIELD

[0001] The present disclosure relates to the field of mo-
bile terminal antenna technology, in particular to an an-
tenna circuit and a mobile terminal.

BACKGROUND

[0002] In order to improve a network access speed of
a mobile terminal, multi-carrier aggregation (CA) tech-
nology has been popularized, such as an "intermediate-
frequency +high-frequency" CA combination of B39+B41
proposed by China Mobile Communications Group Co.,
Ltd, and recently, Chinese telecom operators have pro-
posed a certain band in a low frequency (0.7 Ghz -0.96
Ghz), such as B5, which combines an intermediate fre-
quency (1.71G-2.17G), such as B1 and B3, to form a
"low-frequency + intermediate-frequency" CA combina-
tion. In the future, it is possible for telecom operators to
introduce a combination of "low-frequency + high-fre-
quency" CA. The multi-CA technology requires a mobile
terminal antenna to support these bands at the same
time, rather than a conventional time-sharing support,
which brings great challenges to the mobile terminal an-
tenna.
[0003] In recent years, the mobile terminal with an in-
tegrated full-metal structure (such as a three-part inte-
grated metal structure, an integrated metal structure with
a U-shaped slot) has been favored in a market, which
also brings great challenges to the antenna, because a
bandwidth of the intermediate frequency and the low fre-
quency of the mobile terminal with the integrated full-
metal structure is usually very narrow. Implementation
of multi-CA antenna is still a difficult problem in the in-
dustry.
[0004] Fig.1 shows the integrated full-metal structure
with the U-shaped slot, Fig.2 shows the three-part inte-
grated full-metal structure, Fig.3 shows a metal battery
cover shape with a medium frame. An existing antenna
scheme of the mobile terminal with the integrated full-
metal structure is shown in Fig. 4, the antenna scheme
includes: an antenna unit 40, point A of the antenna unit
is the non-grounded end of the antenna unit 40, point C
(i.e. feed point) of the antenna unit is connected with an
antenna matching circuit 41, a terminal of the antenna
matching circuit 41 is connected with an antenna feed
42, point B (i.e. switch circuit connection point) of the
antenna unit is connected with a low-frequency/interme-
diate-high-frequency switching circuit 43, point D of the
antenna unit 40 is electrically connected with a tuning
circuit 44, point E of the antenna unit is grounded. The
low-frequency/intermediate-high-frequency switching
circuit 43 completes a switching between the low fre-
quency and the intermediate-high frequency (low fre-
quency is 0.7G-0.96G, intermediate-high frequency is
1.71G-2.69G). Specifically, there is a switch inside the

low-frequency/intermediate-high frequency switching
circuit 43, and the switch is turned off in the low frequency
and turned on in the high frequency. The tuning circuit
44 realizes tuning in the low frequency or in the interme-
diate-high frequency (1.71G-2.69G). There is a single-
pole multi-throw switch in the tuning circuit 44. Each
switch branch is connected with at least one inductor or
capacitor. By switching different switch branches to
ground, the low-frequency or intermediate-high-frequen-
cy tuning may be realized to cover different band require-
ments. For example, when the switch inside the low-fre-
quency/intermediate-high-frequency switching circuit is
turned off, a low-frequency tuning state is entered. As
shown in Fig. 5, a switch branch 1 is turned on to cover
B12 (0.7G-0.746G), a branch 2 is turned on to cover B5
(0.824G-0.894G), and a branch 3 is turned on to cover
B8 (0.88G-0.96G). When the switch inside the low-fre-
quency/intermediate-high-frequency switching circuit is
turned on, an intermediate-high-frequency tuning state
is entered. For example, a branch 4 is turned on to cover
B3+B1 (1.71G-2.17G) and a branch 5 is turned on to
cover B40+B41 (2.3G-2.69G). Generally speaking, in the
mobile terminal, a length of A-C of the antenna unit is
about 5mm-25 mm, a length of A-B is about 10mm-25
mm, a length of A-E is about 35mm-55 mm, a length of
D-E is about 5mm-25 mm, and a length of D-B is generally
larger than 15 mm.
[0005] However, the existing antenna has insufficient
bandwidth in the intermediate frequency or the high fre-
quency, which affects the performance of the antenna.
[0006] WO2016035994A1 provides a resonant fre-
quency tunable antenna including: a first ground part; a
power supply part connected in the longitudinal direction
of the antenna from the first power supply part; and a
second ground part connected in the longitudinal direc-
tion of the antenna from the power supply part, wherein
the second ground part is a variable ground part, the
second ground part and the power supply part are con-
nected by a switch, and the switch is connected to a com-
mon terminal which is grounded, so that the second
ground part and the power supply part are linked and
controlled.
[0007] US20170141469A1 discloses a multi-band an-
tenna including a metal backing plate, a radiating con-
ductor, a non-conductor and a connector. The non-con-
ductor is interleaved between the metal backing plate
and the radiating conductor. The connector is connected
to the metal backing plate and the radiating conductor,
the connector is configured to adjust a connection path
between the metal backing plate and the radiating con-
ductor to adjust an antenna operation band.
[0008] US20140306855A1 provides a tunable multi-
band antenna including a first radiation conductor spaced
apart from a grounding conductor, a second radiation
conductor spaced apart from the grounding conductor
and connected to the first radiation conductor, a first tun-
ing unit electrically connected between a signal source
and the first radiation conductor and operable to provide
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different impedances and a second tuning unit electrically
connected between the grounding conductor and the
second radiation conductor and operable to provide dif-
ferent impedances.
[0009] US20150057054A1 provides a wireless com-
munication device including a substrate and a tunable
antenna. The substrate has a signal source. The tunable
antenna includes a metal cover and at least one matching
circuit. The metal cover serves as a cover of the wireless
communication device, and includes a radiation body, a
main body, and a dielectric member coupled between
the radiation body and the main body. The radiation body
is coupled to the signal source and dielectric relative to
the main body. The at least one matching circuit is con-
figured to switch between multiple working mode to en-
able the radiation body to receive and send wireless sig-
nals at different frequency bands.

SUMMARY

[0010] The invention is set out in the appended set of
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] In order to clearly illustrate the technical solution
of the embodiments of the present disclosure, a brief in-
troduction of the accompanying drawings to be used in
a description of the embodiments of the present disclo-
sure will be given below. Obviously, the accompanying
drawings described below are only some of the embod-
iments of the present disclosure, and for those ordinary
skilled in the art, without creative work, other drawings
may also be obtained from these drawings.

Fig.1 is a schematic diagram illustrating a structure
of a mobile terminal with an integrated full-metal
structure with a U-shaped slot according to embod-
iments of the present disclosure;
Fig.2 is a schematic diagram illustrating a structure
of a mobile terminal with a three-part integrated full-
metal structure according to embodiments of the
present disclosure;
Fig.3 is a schematic diagram illustrating a structure
of a mobile terminal with a metal battery cover shape
with a medium frame according to embodiments of
the present disclosure;
Fig.4 is a schematic diagram illustrating a composi-
tion of an antenna structure;
Fig.5 is a schematic diagram illustrating a composi-
tion of a tuning circuit;
Fig.6 is a schematic diagram illustrating a structure
of an antenna circuit according to one embodiment
of the present disclosure not covered by the append-
ed claims;
Fig.7 is a schematic diagram illustrating a structure
of an antenna circuit according to one embodiment
of the present disclosure not covered by the append-

ed claims;
Fig.8 is a schematic diagram illustrating an improve-
ment of an antenna bandwidth;
Fig.9 is a schematic diagram illustrating tuning in a
low frequency and an intermediate frequency;
Fig.10 is a schematic diagram illustrating a structure
of an antenna circuit according to one embodiment
of the present disclosure;
Fig.11 is a schematic procedure diagram illustrating
realization of CA state and non-CA state of the an-
tenna;
Fig. 12 is a comparison of antenna return losses be-
tween CA B39+B41 and non-CA B39;
Fig.13 is a schematic diagram illustrating a structure
of an antenna circuit according to one embodiment
of the present disclosure;
Fig.14 is a schematic diagram illustrating a change
procedure of an antenna impedance;
Fig.15 is a schematic diagram illustrating a change
procedure of return loss;
Fig.16 is a schematic diagram illustrating a structure
of an antenna circuit according to one embodiment
of the present disclosure;
Fig.17 is a schematic diagram illustrating a change
procedure of an antenna impedance;
Fig.18 is a schematic diagram illustrating a change
procedure of return loss;
Fig.19 is a schematic diagram illustrating a structure
of an antenna circuit according to one embodiment
of the present disclosure;
Fig.20 is a schematic diagram illustrating a structure
of an antenna circuit according to one embodiment
of the present disclosure;
Fig.21 is a schematic tuning diagram of a fourth tun-
ing circuit for a low-frequency in a "low-frequency +
intermediate-frequency" CA state;
Fig.22 is a schematic tuning diagram of a fourth tun-
ing circuit for a low-frequency in a low-frequency
non-CA state;
Fig.23 is a schematic diagram illustrating a structure
of an antenna circuit according to one embodiment
of the present disclosure;
Fig.24 is a schematic tuning diagram of a fifth tuning
circuit for a high-frequency resonant mode;
Fig.25 is a schematic diagram illustrating antenna
efficiencies in a free space of low-frequency + inter-
mediate-frequency CAs;
Fig.26 is a schematic diagram showing a change in
resonance frequency of an intermediate -frequency
when adjusting a length adjusting inductor;
Fig.27 is a schematic diagram illustrating differences
of antenna efficiencies between non-CA and CA
states of B1 and B3;
Fig.28 is a schematic diagram illustrating differences
of antenna efficiencies between non-CA and CA
states of B39 and B41;
Fig.29 is a schematic diagram illustrating antenna
efficiencies in a free space of B8/B 1/B3/B40/B41 in
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a non-CA state;
Fig.30 is a schematic diagram illustrating a structure
of a mobile terminal according to embodiments of
the present disclosure.

DETAILED DESCRIPTION

[0012] The technical solutions in the embodiments of
the present disclosure will be described hereinafter clear-
ly and completely with reference to the accompanying
drawings of the embodiments of the present disclosure.
[0013] As shown in Fig. 6, the embodiment of the
present disclosure, not covered by the appended claims,
provides an antenna circuit, includes: an antenna unit
610; a switching circuit connection point 611 and a feed
point 612 are arranged on the antenna unit 610; an an-
tenna feed 620 is connected with the feed point 612; a
first tuning circuit 630 is connected with the switching
circuit connection point 611, the first tuning circuit 630 is
configured to increase a bandwidth of a single resonant
mode in an intermediate-high frequency and/or to tune
a resonant frequency in the intermediate-high frequency;
wherein a distance from the feed point 612 to the non-
grounded end 613 of the antenna unit is larger than a
distance from the switching circuit connection point 611
to the non-grounded end 613 of the antenna unit.
[0014] Generally, a length of the antenna unit 610 rang-
es from 35 mm-60 mm, and a typical value is 50 mm.
The length will significantly affect the resonant frequen-
cies in a low frequency and a high frequency. In the em-
bodiment, the distance from the feed point 612 to the
non-grounded end 613 of the antenna unit is set to be
15mm to 30 mm, in some optional embodiments, is set
to be 23 mm. The distance from the switch circuit con-
nection point 611 to the non-grounded end 613 of the
antenna unit is set to be 5mm to 18 mm, and in some
optional embodiments, is set to be 12 mm. In the present
embodiment, it is required that the distance from the feed
point 612 to the non-grounded end 613 of the antenna
unit is larger than the distance from the switching circuit
connection point 611 to the non-grounded end 613 of the
antenna unit.
[0015] In the present embodiment, the feed point 612
is set closer to a grounded end 614 of the antenna unit
(the grounded end 614 of the antenna unit is opposite to
the non-grounded end 613 of the antenna unit) by switch-
ing positions of the switching circuit connection point 611
and the feed point 612 of the antenna unit 610, thereby
solving the problem that the bandwidth of the antenna in
the intermediate frequency or the high frequency is in-
sufficient. Therefore, the bandwidth of the intermediate
frequency and the high frequency is increased effective-
ly, and the performance of the antenna is also improved.
[0016] As shown in Fig. 7, the first tuning circuit 630
includes: a first switch 631, a first inductor 632, a second
inductor 633, a first capacitor 634 and a first through line
635; wherein a first terminal of the first inductor 632, a
first terminal of the second inductor 633, a first terminal

of the first capacitor 634 and a first end of the first through
line 635 are connected at a first connection point, and
the first connection point is grounded; a first terminal of
the first switch 631 is connected with the switching circuit
connection point 611, a second terminal of the first switch
631 is connected with one of a second terminal of the
first inductor 632, a second terminal of the second induc-
tor 633, a second terminal of the first capacitor 634 and
a second end of the first through line 635, or the second
terminal of the first switch 631 is not connected with any
of the second terminal of the first inductor 632, the second
terminal of the second inductor 633, the second terminal
of the first capacitor 634 and the second end of the first
through line 635; when the second terminal of the first
switch 631 is connected with one of the second terminal
of the first inductor 632, the second terminal of the second
inductor 633, the second terminal of the first capacitor
634 and the second end of the first through line 635, the
bandwidth of the single resonant mode in the intermedi-
ate-high frequency is increased; when the second termi-
nal of the first switch 631 is connected with another one
or more of the second terminal of the first inductor 632,
the second terminal of the second inductor 633, the sec-
ond terminal of the first capacitor 634 and the second
end of the first through line 635, the resonant frequency
in the intermediate-high frequency is tuned.
[0017] It should be noted that, when the first tuning
circuit 630 is configured to increase the bandwidth of the
single resonant mode in the intermediate-high frequency,
the second terminal of the first switch 631 is connected
with one of the second terminal of the first inductor 632,
the second terminal of the second inductor 633, the sec-
ond terminal of the first capacitor 634 and the second
end of the first through line 635. In this case, the first
tuning circuit 630 is equivalent to an inductor, a capacitor
or a resistor, the inductor is a fixed inductor, the capacitor
is a fixed capacitor, and the resistor is a 0-ohm resistor;
for example, when in B3 (1.71G-1.88G), a switching cir-
cuit includes an inductor of 6.8 nH; when in B40, the
switching circuit includes the 0-ohm resistor; when in
B41, the switching circuit includes a capacitor of 8.2 pf.
It should be noted that, specific values of the devices in
the switching circuit should be determined according to
an actual antenna debugging.
[0018] It should be noted that, in this case, the antenna
bandwidth of the single resonant mode may be in-
creased, for example, as shown in Fig. 8, Fig.8 is a sche-
matic diagram illustrating an improvement of an antenna
bandwidth, wherein, the solid line shows a schematic di-
agram of a standing wave ratio of an existing antenna,
and the dashed line shows a schematic diagram of a
standing wave ratio of an antenna in the embodiment of
the present disclosure.
[0019] When the first tuning circuit 630 is configured
to tune the resonant frequency in the intermediate-high
frequency, in order to expand the bandwidth of the inter-
mediate-high frequency, the second terminal of the first
switch 631 is connected with another one or more of the
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second terminal of the first inductor 632, the second ter-
minal of the second inductor 633, the second terminal of
the first capacitor 634 and the second end of the first
through line 635, the first switch 631 is single-pole multi-
throw switch, the first inductor 632 has an inductance of
6.8 nH, the second inductor 633 has an inductance of
3.9 nH, the first capacitor 634 has a capacitance of 8.2
pf, the first through line 635, the first inductor 632, the
second inductor 633 and the first capacitor 634 are turned
on to operate in B40, B3, B1, B41, respectively. When
the first through line 635, the first inductor 632, the second
inductor 633 and the first capacitor 634 are turned off,
the first tuning circuit 630 operates in the low frequency.
[0020] A schematic diagram illustrating tuning in the
low frequency and the intermediate frequency is shown
in Fig.9 (four tuning states have been achieved).
[0021] In some optional embodiments, as shown in Fig.
10, the antenna circuit of the embodiment of the present
disclosure also includes: a second tuning circuit 640, a
first terminal of the second tuning circuit 640 is connected
with the feed point 612, and a second terminal of the
second tuning circuit 640 is connected with the antenna
feed 620; wherein, when the second terminal of the first
switch 631 is connected with one of the second terminal
of the first inductor 632, the second terminal of the second
inductor 633, the second terminal of the first capacitor
634 and the second end of the first through line 635, the
second tuning circuit 640 is configured to tune the band-
width of the intermediate frequency and/or the high fre-
quency in non-carrier aggregation state and carrier ag-
gregation state.
[0022] It should be noted that, in order to improve an
antenna performance of non-carrier aggregation, only
the antenna has an adjustable ability, and state 1 has a
good performance for carrier aggregation state, state 2
has a good performance for non-carrier aggregation
state. For example, it is assumed that state 1 has a good
performance for carrier aggregation of B39+B41, and
state 2 has a good performance for non-carrier aggrega-
tion state of B39 or B41. Then a mobile terminal system
automatically recognizes that the mobile terminal is in
the carrier aggregation or the non-carrier aggregation
state currently according to a base station signal, and
then chooses a corresponding controller state to control
the antenna in an optimal antenna state. A detailed im-
plementation flow chart is shown in Fig. 11. In addition,
this situation may also be applied to any band with the
carrier aggregation and the non-carrier aggregation,
such as a B5+B1+B3 carrier aggregation or a B1+B3
carrier aggregation.
[0023] In this case, the distance from the feed point
612 to the non-grounded end 613 of the antenna unit is
about 10mm-30mm.
[0024] Specifically, the second tuning circuit 640 in-
cludes: a second switch 641, a second capacitor 642 and
a second through line 643; a first terminal of the second
capacitor 642 is connected with a first end of the second
through line 643 to form a second connection point, and

the second connection point is connected with the an-
tenna feed 620; a first terminal of the second switch 641
is connected with the feed point 612, and a second ter-
minal of the second switch 641 is connected with a sec-
ond terminal of the second capacitor 642 or a second
end of the second through line 643; wherein, when the
second terminal of the first switch 631 is connected with
one of the second terminal of the first inductor 632, the
second terminal of the second inductor 633, the second
terminal of the first capacitor 634 and the second end of
the first through line 635, and the second terminal of the
second switch 641 is connected with the second end of
the second through line 643, the antenna circuit operates
in the non-carrier aggregation state.
[0025] It should be noted that, the second switch 641
is a single-pole multi-throw switch and the second ca-
pacitor 642 has a capacitance of 0.9 pf. When the second
through line 643 is set, the non-carrier aggregation per-
formance of B39 or B41 is achieved; when the second
capacitor 642 is set, the carrier aggregation state of
B39+B41 is achieved. That is to say, the carrier aggre-
gation state and the non-carrier aggregation state are
distinguished in the intermediate frequency and the high
frequency.
[0026] As shown in Fig. 12, Fig. 12 is a comparison of
antenna return losses between CA B39+B41 and non-
CA B39, and obviously the return loss of B39 in the non-
CA state is better.
[0027] It should be noted that, when the second termi-
nal of the first switch 631 is not connected with any of
the second terminal of the first inductor 632, the second
terminal of the second inductor 633, the second terminal
of the first capacitor 634 and the second end of the first
through line 635, and the second terminal of the second
switch 641 is connected with the second terminal of the
second capacitor 642, a resonant mode in a low frequen-
cy band is generated.
[0028] In order to further realize carrier aggregation of
the intermediate frequency and the high frequency, as
shown in Fig. 13, the antenna circuit further includes: a
third inductor 650; a first terminal of the third inductor 650
is connected with the antenna unit 610, and a second
terminal of the third inductor 650 is grounded; the second
terminal of the second switch 641 is connected with the
second terminal of the second capacitor 642, the antenna
circuit operates in the carrier aggregation state, the third
inductor 650 and the second capacitor 642 are config-
ured to convert the single resonant mode into two reso-
nant modes, realize the carrier aggregation of the inter-
mediate frequency and the high frequency, and increase
the antenna bandwidth.
[0029] In this case, the second capacitor 642 is added
to the feed point 612, and the capacitance value is 0.5-2
pf (a typical value is 0.9 pf), which may expand the band-
width because the original single resonant mode may be
changed into two resonant modes. A distance from a
connection point 615 of the third inductor 650 on the an-
tenna unit 610 to the feed point 612 is 0mm-8 mm, and
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a typical value is 3 mm. The third inductor 650 is added
through the connection point 615. The third inductor 650
may adjust the resonant frequency of a first resonant
mode to a B39 band. Generally, the third inductor 650 is
0 nH~25 nH, and a typical value is 6.8 nH. Then the
switching circuit connection point 611 is connected with
an inductor of 6.8 nH.
[0030] A change procedure of an antenna impedance
is shown in Fig.14, "point C" impedance represents an
impedance without the third inductor 650 and the second
capacitor 642, "connected inductor in parallel " imped-
ance represents an impedance inclusive of the third in-
ductor 650 but without the second capacitor 642, "con-
nected capacitor in series" impedance represents an im-
pedance inclusive of the third inductor 650 and the sec-
ond capacitor 642. A change procedure of the return loss
is shown in Fig. 15. It can be seen that, since the third
inductor 650 and the second capacitor 642 are added,
the original single resonant mode is changed into two
resonant modes, a first one is to cover B39 and a second
one is to cover B41.
[0031] In order to realize carrier aggregation of the low-
frequency and the intermediate-frequency, when the
second terminal of the first switch 631 is not connected
with any of the second terminal of the first inductor 632,
the second terminal of the second inductor 633, the sec-
ond terminal of the first capacitor 634 and the second
end of the first through line 635, and the second terminal
of the second switch 641 is connected with the second
terminal of the second capacitor 642, as shown in Fig.
16, the antenna circuit of the embodiment of the present
disclosure further includes: a third tuning circuit 660; a
first terminal of the third tuning circuit 660 is connected
with the antenna unit 610, or the first terminal of the third
tuning circuit 660 is connected with the first terminal of
the second capacitor 642(the latter case is not shown in
Fig. 16), and a second terminal of the third tuning circuit
660 is grounded; wherein the third tuning circuit 660 and
the second capacitor 642 are configured to generate two
resonance modes in the low frequency band and an in-
termediate frequency band.
[0032] Specifically, the third tuning circuit 660 includes:
a third switch 661, a fourth inductor 662 and a third ca-
pacitor 663; wherein a first terminal of the third switch
661 is connected with the antenna unit 610, or the first
terminal of the third switch 661 is connected with the first
terminal of the second capacitor 642; a second terminal
of the third switch 661 is connected to at least one of the
first terminal of the fourth inductor 662 and the first ter-
minal of the third capacitor 663; a second terminal of the
fourth inductor 662 and the second terminal of the third
capacitor 663 are connected to form a third connection
point, and the third connection point is grounded.
[0033] In this case, the distance from the feed point
612 to the non-grounded end 613 of the antenna unit is
required to be 20mm-30mm, and a typical value is 23
mm. A purpose of such configuration is to make the in-
termediate frequency impedance of the feed point 612

enter an upper half of a smith diagram. The switching
circuit connection point 611 may be connected or discon-
nected with the first tuning circuit 630, but it is required
to be equivalent to an open circuit characteristic of low
frequency band. The distance from the feed point 612 to
the connection point 615 of the third tuning circuit 660 on
the antenna unit 610 is 0mm-8mm, and a typical value
is 3 mm. The third capacitor 663 is about 0 ~3 pf (a typical
value is 1.2 pf), the fourth inductor 662 is about 12
nH~100 nH (a typical value is 18 nH), and the second
capacitor 642 is about 0.5 pf~2 pf (a typical value is 0.9
pf). Two resonant modes, i.e., the low frequency and the
intermediate frequency, may be generated to cover the
antenna bandwidth required by the low-frequency and
intermediate-frequency CA.
[0034] Fig.17 is a schematic diagram illustrating a
change procedure of antenna impedance, Fig.18 is a
schematic diagram illustrating a change procedure of re-
turn loss. As shown in Fig. 17 and Fig. 18, "point C" im-
pedance shows an impedance curve without the second
capacitor 642, the fourth inductor 662 and the third ca-
pacitor 663. "small capacitor and large inductor connect-
ed in parallel " represents an impedance curve inclusive
of the fourth inductance 662 and the third capacitor 663,
but without the second capacitor 642, and the " small
capacitors connected in series " represents an imped-
ance curve inclusive of the second capacitor 642, the
fourth inductor 662 and the third capacitor 663. It can be
seen that, two resonance modes for the low frequency
and the intermediate frequency, are realized.
[0035] When the distance from the feed point 612 to
the non-grounded end 613 of the antenna unit ranges
from 15 mm to 20 mm and a typical value is 15 mm, an
intermediate-frequency impedance of the feed point 612
may still be in a lower half of the smith diagram. To solve
this problem, as shown in Fig. 19, the antenna circuit
further includes: a length adjusting inductor 670.
[0036] A first terminal of the length adjusting inductor
670 is connected with the feed point 612, and a second
terminal of the length adjusting inductor 670 is connected
with the first terminal of the second capacitor 642.
[0037] The intermediate frequency impedance may
enter the upper half of the smith diagram by connecting
the length adjusting inductor in series. The length adjust-
ing inductor is usually 0 nH-12 nH, and a typical value is
6 nH (which may also be replaced by a transmission line
with an equal inductance value).
[0038] In order to realize the low-frequency and tune
in the low-frequency, as shown in Fig. 20, the antenna
circuit of the embodiment of the present disclosure further
includes: a fourth tuning circuit 680, a first terminal of the
fourth tuning circuit 680 is connected with the antenna
unit 610, and a second terminal of the fourth tuning circuit
680 is grounded; wherein the fourth tuning circuit 680
and the second capacitor 642 are configured to realize
the low frequency and tune in the low-frequency.
[0039] It should be noted that, in this case, the second
terminal of the first switch 631 is not connected with any
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of the second terminal of the first inductor 632, the second
terminal of the second inductor 633, the second terminal
of the first capacitor 634 and the second end of the first
through line 635, and the second terminal of the second
switch 641 is connected with the second terminal of the
second capacitor 642.
[0040] Specifically, the fourth tuning circuit 680 in-
cludes: a fourth switch 681, a fifth inductor 682, a sixth
inductor 683 and a fourth capacitor 684; wherein a first
terminal of the fifth inductor 682, a first terminal of the
sixth inductor 683 and a first terminal of the fourth capac-
itor 684 are connected at a fifth connection point, and the
fifth connection point is grounded; a first terminal of the
fourth switch 681 is connected with the antenna unit 610,
and a second terminal of the fourth switch 681 is con-
nected with one of a second terminal of the fifth inductor
682, a second terminal of the sixth inductor 683 and a
second terminal of the fourth capacitor 684.
[0041] It should be noted that, in order to realize the
low frequency, a second capacitor 642 with a capaci-
tance value of 0.5 pf-2 pf (a typical value of 0.9 pf) is
required. In order to cover a wider bandwidth in the low
frequency, the fourth tuning circuit 680 may have multiple
branches, and may switch different branches to tune the
low frequency. The fourth switch 681 is a single-pole mul-
ti-throw switch, the fifth inductor 682 is 18 nH, the sixth
inductor 683 is 15 nH, and the fourth capacitor 684 is 1.2
pf. Only the fourth capacitor 684 operates in B12, only
the fourth capacitor 684 and the fifth inductance 682 op-
erate in the carrier aggregation state of B5 + B1 + B3 at
the same time, and only the sixth inductor 683 operates
in B8.
[0042] In a "low-frequency + intermediate-frequency"
CA state (e.g. B5+B1+B3, B12+B1+B3), a schematic tun-
ing diagram of a fourth tuning circuit 680 for a low-fre-
quency is shown in Fig.21; in a low-frequency non-CA
state (e.g. B12/B5/B8), a schematic tuning diagram of a
fourth tuning circuit 680 for a low-frequency is shown in
Fig.22.
[0043] It should be noted that, when the antenna circuit
includes the third tuning circuit, the third tuning circuit
and the fourth tuning circuit are connected with a same
location or different locations of the antenna unit;

when the third tuning circuit and the fourth tuning
circuit are connected with the same location of the
antenna unit, the third tuning circuit and the fourth
tuning circuit are combined to form a first combined
coordination circuit, the first combined coordination
circuit includes:
a first combined switch, a first combined inductor, a
second combined inductor and a first combined ca-
pacitor; a first terminal of the first combined inductor,
a first terminal of the second combined inductor and
a first terminal of the first combined capacitor are
connected at a first combined connection point, and
the first combined connection point is grounded; a
first terminal of the first combined switch is connect-

ed with the antenna unit, a second terminal of the
first combined switch is connected with one of a sec-
ond terminal of the first combined inductor, a second
terminal of the second combined inductor and a sec-
ond terminal of the first combined capacitor; when
the second terminal of the first combined switch is
connected with the second terminal of the first com-
bined capacitor, the first combined capacitor and the
second capacitor are configured to generate two res-
onance modes in the low frequency band and the
intermediate frequency band; the first combined in-
ductor and the second combined inductor are con-
figured to tune the resonance frequency in the low
frequency band.

[0044] In order to further expand a tuning range of the
intermediate-high frequency, as shown in Fig. 23, the
antenna circuit of the embodiment of the present disclo-
sure further includes: a fifth tuning circuit 690; wherein a
first terminal of the fifth tuning circuit 690 is connected
with the antenna unit 610, and a second terminal of the
fifth tuning circuit 690 is grounded; the fifth tuning circuit
690 is configured to increase the tuning range of the in-
termediate-high frequency.
[0045] Specifically, the fifth tuning circuit 690 further
includes: a fifth switch 691, a seventh inductor 692 and
a fifth capacitor 693; wherein a first terminal of the sev-
enth inductor 692 is connected with a first terminal of the
fifth capacitor 693 to form a sixth connection point, and
the sixth connection point is grounded; a first terminal of
the fifth switch 691 is connected with the antenna unit,
and a second terminal of the fifth switch 691 is connected
with one of a second terminal of the seventh inductor 692
and a second terminal of the fifth capacitor 693.
[0046] In this case, the second terminal of the first
switch 631 is connected with one of the second terminal
of the first inductor 632, the second terminal of the second
inductor 633, the second terminal of the first capacitor
634 and the second end of the first through line 635, the
second terminal of the second switch 641 is connected
to the second through line 643.
[0047] The fifth tuning circuit 690 may be realized by
using the third tuning circuit 660.
[0048] It should also be noted that, when the antenna
circuit includes the third inductor, the third inductor and
the fifth tuning circuit are connected with a same location
or different locations of the antenna unit; wherein, when
the third inductor and the fifth tuning circuit are connected
with the same location of the antenna unit, the third in-
ductor and the fifth tuning circuit are combined to form a
second combined coordination circuit, the second com-
bined coordination circuit includes: a second combined
switch, a third combined inductor, a fourth combined in-
ductor and a second combined capacitor; a first terminal
of the third combined inductor, a first terminal of the fourth
combined inductor and a first terminal of the second com-
bined capacitor are connected at a second combined
connection point, and the second combined connection
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point is grounded; a first terminal of the second combined
switch is connected with the antenna unit, a second ter-
minal of the second combined switch is connected with
one of a second terminal of the third combined inductor,
a second terminal of the fourth combined inductor and a
second terminal of the second combined capacitor.
[0049] As shown in Fig. 24, the switching circuit con-
nection point 611 is connected with a capacitor of 8.2 pf,
and the fifth tuning circuit 690 is set to be connected with
an inductor of 3.9 nH, which may make the high frequency
resonance mode move to a higher frequency. On the
contrary, if the fifth tuning circuit 690 is set to be connect-
ed with a capacitor in parallel, the high frequency reso-
nance mode may move to a lower frequency.
[0050] It should be noted that, each function imple-
mented by the antenna circuit described in the present
disclosure may be combined to realize the function of the
antenna.
[0051] Fig. 25 shows antenna efficiencies in a free
space of the low-frequency + intermediate-frequency CA,
"1-FS-B12+B3+B1" in Fig. 25 indicates the antenna ef-
ficiency in the CA state of B12+B3+B1. At this time, the
third tuning circuit 660 is set to be 1.2 pf, the second
tuning circuit 640 is set to be 0.9 pf, the first tuning circuit
630 is set to be an open circuit, and "3-FS-B5+B3+B1"
indicates the antenna efficiency in the CA state of
B5+B3+B1. At this time, the third tuning circuit 660 is set
to be a parallel circuit of 1.2 pf+18 nH, the second tuning
circuit 640 is set to be 0.9 pf, and the first tuning circuit
630 is set to be an open circuit. In addition, B8+B3+B1
may also be realized. At this time, only the third tuning
circuit 660 is set to be a parallel circuit of 1.2 pf+15 nH,
the second tuning circuit 640 is set to be 0.9 pf, the first
tuning circuit 630 is set to be an open circuit, and the
length adjusting inductor is 3 nH.
[0052] Fig.26 shows an effect of adjusting the length
adjusting inductor. The resonance frequency of interme-
diate frequency may be adjusted effectively. In Fig. 26,
"original" indicates the antenna efficiency without the
length adjusting inductor in the CA state of B5+B1+B3,
and "enlarging the length adjusting inductor" indicates
the antenna efficiency having a length adjusting inductor
of 6 nH in the CA state of B5+B1+B3.
[0053] Fig.27 shows differences of the antenna effi-
ciencies between non-CA and CA states of B1 and B3.
"5-FS-B1", "6-FS-B3" and "7-FS-B1+B3" indicate the an-
tenna efficiency of B1 in the non-CA state, B3 in the non-
CA state and B1+B3 in the CA state respectively. At this
time, the third tuning circuit 660 is set to be 6.8 nH, the
second tuning circuit 640 is set to be straight-through,
and the first tuning circuit 630 is set to be 6.8 nH (corre-
sponding to B3), 4.7 nH (corresponding to B1+B3), and
3.9 nH (corresponding to B1) respectively.
[0054] Fig.28 shows differences of the antenna effi-
ciencies between non-CA and CA states of B39 and B41.
"7-FS-B39", "9-FS-B41" and "10-FS-B39+B41" indicate
the antenna efficiency of B39 in the non-CA state, B41
in the non-CA state and B39+B41 in the CA state, re-

spectively. It can be seen that, the efficiency of B39 in
the non-CA state is about 1dB-2dB larger than that of
B39 in the CA state, and the efficiency of B41 in the non-
CA state is about 1-2dB larger than that of B41 in the CA
state. In CA B39+B41, the third tuning circuit 660 is set
to be 6.8 nH, the second tuning circuit 640 is set to be
0.9 pf, and the first tuning circuit 630 is set to be 6.8 nH;
in the non-CA state, the third tuning circuit 660 is set to
be 6.8 nH, the second tuning circuit 640 is set to be
straight-through, and the first tuning circuit 630 is set to
be 6.8 nH (corresponding to B39), 8.2 pf (corresponding
to B41), and the length adjusting is 3 nH respectively.
[0055] Fig.29 shows the antenna efficiencies in a free
space of B8/B1/B3/B40/B41 in the non-CA state. "2-FS-
B8", "5-FS-B1", "6-FS-B3", "8-FS-B40" and "9-FS-B41"
respectively indicate the antenna efficiency of non-CA
B8, B1, B3, B40 and B41. In B8, the third tuning circuit
660 is set to be 15 nH, the second tuning circuit 640 is
set to be 0.9 pf, and the first tuning circuit 630 is set to
be open, and the length adjusting inductor is equal to 3
nH. When in B1/B3/B40/B41, the third tuning circuit 660
is set to be 6.8 nH, the second tuning circuit 640 is set
to be straight-through, and the first tuning circuit 630 is
set to be 6.8 nH (corresponding to B3), 3.9 nH (corre-
sponding to B1), 0 ohm (corresponding to B40), 8.2 pf
(corresponding to B41), respectively. The length adjust-
ing inductor is equal to 3 nH.
[0056] The above embodiments of the present disclo-
sure may improve the bandwidth of the single resonant
mode in the intermediate frequency and the high frequen-
cy effectively, expand the bandwidth in the intermediate
frequency and the high frequency, realize the low fre-
quency and expand the bandwidth in the low frequency,
and improve the performance of the antenna as a whole.
[0057] An embodiment of the present disclosure fur-
ther provides a mobile terminal, including the antenna
circuit described above.
[0058] It should be noted that, the mobile terminal
equipped with the antenna circuit improves a communi-
cation performance of the mobile terminal and a user’s
experience.
[0059] Fig.30 is a schematic diagram illustrating a
structure of a mobile terminal according to embodiments
of the present disclosure. Specifically, the mobile termi-
nal in Fig.30 may be a mobile phone, a tablet computer,
a personal digital assistant (PDA) and a vehicle compu-
ter.
[0060] The mobile terminal in Fig.30 includes a Radio
Frequency (RF) circuit 3010, a storage 3020, an inputting
unit 3030, a display unit 3040, a processor 3050, an audio
circuit 3060, a WiFi module 3070 and a power supply
3080.
[0061] The inputting unit 3030 may receive inputted
numeral or character information, and generate signal
input related with user configuration and function control
of the mobile terminal. Specifically, in the embodiments
of the present disclosure, the inputting unit 3030 may
include a touch panel 3031. The touch panel 3031 is also
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called a touch screen, and may collect a touch operation
performed by a user on or near the touch panel 3031
(e.g., the user performs an operation on or near the touch
panel 3031 with any suitable object or accessory such
as a finger and a touch pen), and drive a connection
device according to a preset program. Optionally, the
touch panel 3031 may include a touch detecting device
and a touch controller. The touch detecting device may
detect a touch position of the user, detect a signal gen-
erated based on the touch operation, and transmit the
signal to the touch controller. The touch controller may
receive touch information from the touch detecting de-
vice, convert the touch information into a touch point co-
ordinate, transmit the touch point coordinate to the proc-
essor 3050, and receive and execute a command sent
by the processor 3050. In addition, the touch panel 3031
may be implemented by multiple modes such as a resis-
tive mode, a capacitive mode, an infrared mode or a sur-
face acoustic wave mode. Besides the touch panel 3031,
the inputting unit 3030 may further include another input-
ting device 3032. The inputting device 3032 may include,
but is not limited to, at least one of a physical keyboard,
a function key (such as a volume control key, a switch
key etc.), a trackball, a mouse and an operating lever.
[0062] The display unit 3040 may display information
inputted by the user or information provided to the user
and various menu interfaces of the mobile terminal. The
display unit 3040 may include a display panel 3041, which
may be configured by a Liquid Crystal Display (LCD) and
an Organic Light-Emitting Diode (OLED).
[0063] It should be noted that the touch panel 3031
may cover the display panel 3041 to form a touch display
screen. When a touch operation on or near the touch
display screen is detected, and transmitted to the proc-
essor 3050 to determine a type of a touch event. The
processor 3050 then provides a corresponding visual
output on the touch display screen according to the type
of the touch event.
[0064] The touch display screen includes an applica-
tion interface display region and a common controls dis-
play region. The application interface display region and
the common controls display region may be arranged in
an unrestricted manner, such as an upper and lower
alignment, a left and right alignment, or other alignments
distinguishing the two display regions. The application
interface display region may display an interface of the
application. Each interface may include at least one ap-
plication icon and/or interface elements such as a Widget
desktop control. The application interface display region
may also be an empty interface without any content. The
common controls display region may display a control
with a high usage rate, such as a setting button, an in-
terface number, a scroll bar, a telephone icon and other
application icons.
[0065] The processor 3050 is a control center of the
mobile terminal. The processor 3050 connects all parts
of a mobile phone by various interfaces and lines. The
processor 3050 performs various functions and process-

es of the mobile terminal by running or executing software
programs and/or modules stored in a first storage 3021
and calling data stored in a second storage 3022, so as
to monitor the mobile terminal as a whole. Optionally, the
processor 3050 may include one or more processing
units.
[0066] It should be noted that the Radio Frequency
(RF) circuit 3010 includes: an antenna unit, a switching
circuit connection point and a feed point is arranged on
the antenna unit, an antenna feed is connected with the
feed point, a first tuning circuit is connected with the
switching circuit connection point, the first tuning circuit
is configured to increase a bandwidth of a single resonant
mode in an intermediate-high frequency and/or to tune
a resonant frequency in the intermediate-high frequency;
wherein a distance from the feed point to the non-ground-
ed end of the antenna unit is larger than a distance from
the switching circuit connection point to the non-ground-
ed end of the antenna unit.
[0067] The first tuning circuit includes: a first switch, a
first inductor, a second inductor, a first capacitor and a
first through line; wherein a first terminal of the first in-
ductor, a first terminal of the second inductor, a first ter-
minal of the first capacitor and a first end of the first
through line are connected at a first connection point,
and the first connection point is grounded; a first terminal
of the first switch is connected with the switching circuit
connection point, a second terminal of the first switch is
connected with one of a second terminal of the first in-
ductor, a second terminal of the second inductor, a sec-
ond terminal of the first capacitor and a second end of
the first through line, or the second terminal of the first
switch is not connected with any of the second terminal
of the first inductor, the second terminal of the second
inductor, the second terminal of the first capacitor and
the second end of the first through line; when the second
terminal of the first switch is connected with one of the
second terminal of the first inductor, the second terminal
of the second inductor, the second terminal of the first
capacitor and the second end of the first through line, the
bandwidth of the single resonant mode in the intermedi-
ate-high frequency is increased; when the second termi-
nal of the first switch is connected with another one or
more of the second terminal of the first inductor, the sec-
ond terminal of the second inductor, the second terminal
of the first capacitor and the second end of the first
through line, the resonant frequency in the intermediate-
high frequency is tuned.
[0068] The Radio Frequency (RF) circuit 3010 further
includes: a second tuning circuit, a first terminal of the
second tuning circuit is connected with the feed point,
and a second terminal of the second tuning circuit is con-
nected with the antenna feed; when the second terminal
of the first switch is connected with one of the second
terminal of the first inductor, the second terminal of the
second inductor, the second terminal of the first capacitor
and the second end of the first through line, the second
tuning circuit is configured to tune the bandwidth of the
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intermediate frequency and/or the high frequency in non-
carrier aggregation state and carrier aggregation state.
[0069] Specifically, the second tuning circuit includes:
a second switch, a second capacitor and a second
through line, a first terminal of the second capacitor is
connected with a first end of the second through line to
form a second connection point, and the second connec-
tion point is connected with the antenna feed; a first ter-
minal of the second switch is connected with the feed
point, and a second terminal of the second switch is con-
nected with a second terminal of the second capacitor or
a second end of the second through line; wherein, when
the second terminal of the first switch is connected with
one of the second terminal of the first inductor, the second
terminal of the second inductor, the second terminal of
the first capacitor and the second end of the first through
line, and the second terminal of the second switch is con-
nected with the second end of the second through line,
the antenna circuit operates in the non-carrier aggrega-
tion state.
[0070] Specifically, when the second terminal of the
first switch is not connected with any of the second ter-
minal of the first inductor, the second terminal of the sec-
ond inductor, the second terminal of the first capacitor
and the second end of the first through line, and the sec-
ond terminal of the second switch is connected with the
second terminal of the second capacitor, a resonant
mode in a low frequency band is generated.
[0071] In some optional embodiments, when the sec-
ond terminal of the first switch is connected with one of
the second terminal of the first inductor, the second ter-
minal of the second inductor, the second terminal of the
first capacitor and the second end of the first through line,
the Radio Frequency (RF) circuit 3010 further includes:
a third inductor; wherein a first terminal of the third induc-
tor is connected with the antenna unit, and a second ter-
minal of the third inductor is grounded; the second ter-
minal of the second switch is connected with the second
terminal of the second capacitor, the antenna circuit op-
erates in the carrier aggregation state, the third inductor
and the second capacitor are configured to convert the
single resonant mode into two resonant modes.
[0072] In some optional embodiments, the Radio Fre-
quency (RF) circuit 3010 further includes: a third tuning
circuit, a first terminal of the third tuning circuit is con-
nected with the antenna unit, or the first terminal of the
third tuning circuit is connected with the first terminal of
the second capacitor, and a second terminal of the third
tuning circuit is grounded; wherein the third tuning circuit
and the second capacitor are configured to generate two
resonance modes in the low-band and an intermediate
frequency band.
[0073] Specifically, the third tuning circuit includes: a
third switch, a fourth inductor and a third capacitor;
wherein a first terminal of the third switch is connected
with the antenna unit, or the first terminal of the third
switch is connected with the first terminal of the second
capacitor; a second terminal of the third switch is con-

nected to at least one of the first terminal of the fourth
inductor and the first terminal of the third capacitor; a
second terminal of the fourth inductor and the second
terminal of the third capacitor are connected to form a
third connection point, and the third connection point is
grounded.
[0074] In some optional embodiments, the Radio Fre-
quency (RF) circuit 3010 further includes: a length ad-
justing inductor; wherein a first terminal of the length ad-
justing inductor is connected with the feed point, and a
second terminal of the length adjusting inductor is con-
nected with the first terminal of the second capacitor.
[0075] In some optional embodiments, the Radio Fre-
quency (RF) circuit 3010 further includes: a fourth tuning
circuit, a first terminal of the fourth tuning circuit is con-
nected with the antenna unit, and a second terminal of
the fourth tuning circuit is grounded; wherein the fourth
tuning circuit and the second capacitor are configured to
realize the low frequency and tune in the low-frequency.
[0076] Specifically, the fourth tuning circuit includes: a
fourth switch, a fifth inductor, a sixth inductor and a fourth
capacitor; wherein a first terminal of the fifth inductor, a
first terminal of the sixth inductor and a first terminal of
the fourth capacitor are connected at a fifth connection
point, and the fifth connection point is grounded;
[0077] a first terminal of the fourth switch is connected
with the antenna unit, and a second terminal of the fourth
switch is connected with one of a second terminal of the
fifth inductor, a second terminal of the sixth inductor and
a second terminal of the fourth capacitor.
[0078] In some optional embodiments, when the an-
tenna circuit includes the third tuning circuit, the third tun-
ing circuit and the fourth tuning circuit are connected with
a same location or different locations of the antenna unit;
wherein, when the third tuning circuit and the fourth tuning
circuit are connected with the same location of the an-
tenna unit, the third tuning circuit and the fourth tuning
circuit are combined to form a first combined coordination
circuit, the first combined coordination circuit includes: a
first combined switch, a first combined inductor, a second
combined inductor and a first combined capacitor; a first
terminal of the first combined inductor, a first terminal of
the second combined inductor and a first terminal of the
first combined capacitor are connected at a first com-
bined connection point, and the first combined connec-
tion point is grounded; a first terminal of the first combined
switch is connected with the antenna unit, a second ter-
minal of the first combined switch is connected with one
of a second terminal of the first combined inductor, a
second terminal of the second combined inductor and a
second terminal of the first combined capacitor; when
the second terminal of the first combined switch is con-
nected with the second terminal of the first combined
capacitor, the first combined capacitor and the second
capacitor are configured to generate two resonance
modes in the low frequency band and the intermediate
frequency band; the first combined inductor and the sec-
ond combined inductor are configured to tune the reso-
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nance frequency in the low frequency band.
[0079] In some optional embodiments, when the sec-
ond terminal of the first switch is connected with one of
the second terminal of the first inductor, the second ter-
minal of the second inductor, the second terminal of the
first capacitor and the second end of the first through line,
the Radio Frequency (RF) circuit 3010 further includes:
a fifth tuning circuit; wherein a first terminal of the fifth
tuning circuit is connected with the antenna unit, and a
second terminal of the fifth tuning circuit is grounded; the
fifth tuning circuit is configured to increase a tuning range
of the intermediate-high frequency.
[0080] Specifically, the fifth tuning circuit includes: a
fifth switch, a seventh inductor and a fifth capacitor;
wherein a first terminal of the seventh inductor is con-
nected with a first terminal of the fifth capacitor to form a
sixth connection point, and the sixth connection point is
grounded; a first terminal of the fifth switch is connected
with the antenna unit, and a second terminal of the fifth
switch is connected with one of a second terminal of the
seventh inductor and a second terminal of the fifth ca-
pacitor.
[0081] In some optional embodiments, when the an-
tenna circuit includes the third inductor, the third inductor
and the fifth tuning circuit are connected with a same
location or different locations of the antenna unit; where-
in, when the third inductor and the fifth tuning circuit are
connected with the same location of the antenna unit,
the third inductor and the fifth tuning circuit are combined
to form a second combined coordination circuit, the sec-
ond combined coordination circuit includes: a second
combined switch, a third combined inductor, a fourth
combined inductor and a second combined capacitor; a
first terminal of the third combined inductor, a first termi-
nal of the fourth combined inductor and a first terminal
of the second combined capacitor are connected at a
second combined connection point, and the second com-
bined connection point is grounded; a first terminal of the
second combined switch is connected with the antenna
unit, a second terminal of the second combined switch
is connected with one of a second terminal of the third
combined inductor, a second terminal of the fourth com-
bined inductor and a second terminal of the second com-
bined capacitor.
[0082] Specifically, the distance from the feed point to
the non-grounded end of the antenna unit is 15 mm to
30 mm, and the distance from the switching circuit con-
nection point to the non-grounded end of the antenna
unit is 5 mm to 18 mm.
[0083] In the mobile terminal of the embodiment of the
present disclosure, the feed point is set closer to a
grounded end of the antenna unit by switching positions
of the switching circuit connection point and the feed point
of the antenna unit, thereby solving the problem that the
bandwidth of the antenna in the intermediate frequency
or the high frequency is insufficient. The bandwidth in the
intermediate frequency and the high frequency is ex-
panded, the low frequency is realized and the bandwidth

in the low frequency is expanded, and the performance
of the antenna is improved as a whole. Then the com-
munication performance of the mobile terminal and the
user’s experience are improved.
[0084] Each embodiment of the specification is de-
scribed in a progressive manner. Each embodiment fo-
cuses on differences from other embodiments, and same
and similar parts among the embodiments may refer to
each other.
[0085] It should be understood by those skilled in the
art that the embodiments of the present disclosure may
be provided as methods, devices, or computer program
products. Therefore, the embodiments of the present dis-
closure may be embodiments with only hardware, em-
bodiments with only software, or embodiments combined
with software and hardware. Furthermore, one or more
of the embodiments of the present disclosure may be
computer program products implemented on computer
readable storage media (including but not limited to a
disk storage, a CD-ROM, an optical storage, etc.) includ-
ing computer readable program code.
[0086] The embodiments of the present disclosure is
described with reference to flow charts and/or block di-
agrams of a method, a terminal device (system), and a
computer program product according to the embodi-
ments of the present disclosure. It should be understood
that each flow and/or each block in a flowchart and/or a
block diagram, and a combination of the flow and/or the
block in the flowchart and/or the block diagram, may be
implemented by computer program instructions. The
computer program instructions may be provided to proc-
essors of general-purpose computers, special-purpose
computers, embedded processors or other programma-
ble data processing terminal devices to generate a ma-
chine, such that instructions executed by the processors
of computers or other programmable data processing ter-
minal devices are generated for implementing specified
functions of one or more flows in the flow charts and/or
one or more blocks in the block diagrams.
[0087] The computer program instructions may also
be stored in a computer readable storage that may guide
a computer or other programmable data processing ter-
minal device to operate in a specific way, so that instruc-
tions stored in the computer readable storage generate
a manufacturer including an instruction device, which im-
plements specified functions of one or more flows in the
flow charts and/or one or more blocks in the block dia-
grams.
[0088] The computer program instructions may also
be loaded onto a computer or other programmable data
processing terminal device, enabling a series of opera-
tional steps to be performed on the computer or other
programmable terminal device. Therefore, the instruc-
tions executed on the computer or other programmable
terminal device implement specified functions of one or
more flows in the flow charts and/or one or more blocks
in the block diagrams.
[0089] Although preferred embodiments of the embod-
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iments of the present disclosure have been described,
once those skilled in the art have learned about basic
creative concepts, they may make additional changes
and modifications to these embodiments. Therefore, the
appended claims are intended to be interpreted as in-
cluding preferred embodiments and all changes and
modifications falling within the scope of the appended
claims.
[0090] It should also be noted that, in the present dis-
closure, relational terms such as first and second are
used only for distinguishing one entity or operation from
another entity or operation, without necessarily requiring
or implying any such actual relationship or order between
these entities or operations. Moreover, term "include",
"comprise" or any other variant thereof is intended to cov-
er non-exclusive inclusions, so that a process, a method,
an item or a terminal device that includes a series of
elements includes not only those elements, but also other
elements that are not explicitly listed, or inherent ele-
ments of the process, the method, the item or the terminal
device. Without further restrictions, an element defined
by a statement "comprising one..." does not exclude an
existence of additional identical element in the process,
the method, the item or the terminal device that includes
the element.

Claims

1. An antenna circuit, comprising:

an antenna unit (610), wherein the antenna unit
(610) comprises a non-grounded end (613) and
a grounded-end (614) opposite to the non-
grounded end (613);
a switching circuit connection point (611) and a
feed point (612) being arranged on the antenna
unit (610),
an antenna feed (620) connected with the feed
point (612),
a first tuning circuit (630) connected with the
switching circuit connection point (611), the first
tuning circuit (630) is configured to increase a
bandwidth of a single resonant mode in an in-
termediate-high frequency and/or tune a reso-
nant frequency in the intermediate-high frequen-
cy;
a second tuning circuit (640), wherein a first ter-
minal of the second tuning circuit (640) being
connected with the feed point (612), and a sec-
ond terminal of the second tuning circuit (640)
being connected with the antenna feed (620);
wherein a distance from the feed point (612) to
the non-grounded end (613) of the antenna unit
(610) is larger than a distance from the switching
circuit connection point (611) to the non-ground-
ed end (613) of the antenna unit (610);
wherein the first tuning circuit (630) comprises:

a first switch (631), a first inductor (632), a
second inductor (633), a first capacitor
(634) and a first through line (635);
wherein a first terminal of the first inductor
(632), a first terminal of the second inductor
(633), a first terminal of the first capacitor
(634) and a first end of the first through line
(635) are connected at a first connection
point, and the first connection point is
grounded;
a first terminal of the first switch (631) is con-
nected with the switching circuit connection
point (611), a second terminal of the first
switch (631) is configured to be connected
with one of a second terminal of the first
inductor (632), a second terminal of the sec-
ond inductor (633), a second terminal of the
first capacitor (634) and a second end of the
first through line (635), or the second termi-
nal of the first switch (631) is configured not
to be connected with any of the second ter-
minal of the first inductor (632), the second
terminal of the second inductor (633), the
second terminal of the first capacitor (634)
and the second end of the first through line
(635);
wherein, when the second terminal of the
first switch (631) is connected with one of
the second terminal of the first inductor
(632), the second terminal of the second in-
ductor (633), the second terminal of the first
capacitor (634) and the second end of the
first through line (635), the second tuning
circuit (640) is configured to tune the band-
width of the intermediate frequency and/or
the high frequency in non-carrier aggrega-
tion state and carrier aggregation state.

2. The antenna circuit according to claim 1, wherein
the second tuning circuit (640) comprises:

a second switch (641), a second capacitor (642)
and a second through line (643), wherein
a first terminal of the second capacitor (642) is
connected with a first end of the second through
line (643) to form a second connection point,
and the second connection point is connected
with the antenna feed (620);
a first terminal of the second switch (641) is con-
nected with the feed point (612), and a second
terminal of the second switch (641) is configured
to be connected with a second terminal of the
second capacitor (642) or a second end of the
second through line (643);
wherein, when the second terminal of the first
switch (631) is connected with one of the second
terminal of the first inductor (632), the second
terminal of the second inductor (633), the sec-

21 22 



EP 3 644 441 B1

13

5

10

15

20

25

30

35

40

45

50

55

ond terminal of the first capacitor (634) and the
second end of the first through line (635), and
the second terminal of the second switch (641)
is connected with the second end of the second
through line (643), the antenna circuit operates
in the non-carrier aggregation state.

3. The antenna circuit according to claim 2, wherein
when the second terminal of the first switch (631) is
not connected with any of the second terminal of the
first inductor (632), the second terminal of the second
inductor (633), the second terminal of the first ca-
pacitor (634) and the second end of the first through
line (635), and the second terminal of the second
switch (641) is connected with the second terminal
of the second capacitor (642), a resonant mode in a
low frequency band is generated; or
when the second terminal of the first switch (631) is
connected with one of the second terminal of the first
inductor (632), the second terminal of the second
inductor (633), the second terminal of the first ca-
pacitor (634) and the second end of the first through
line (635), and the antenna circuit further comprises:

a third inductor (650);
wherein a first terminal of the third inductor (650)
is connected with the antenna unit (610), and a
second terminal of the third inductor (650) is
grounded;
when the second terminal of the second switch
(641) is connected with the second terminal of
the second capacitor (642), the antenna circuit
operates in the carrier aggregation state, where-
in the third inductor (650) and the second ca-
pacitor (642) are configured to convert the single
resonant mode into two resonant modes.

4. The antenna circuit according to claim 2, wherein
when the second terminal of the first switch (631) is
not connected with any of the second terminal of the
first inductor (632), the second terminal of the second
inductor (633), the second terminal of the first ca-
pacitor (634) and the second end of the first through
line (635), and the second terminal of the second
switch (641) is connected with the second terminal
of the second capacitor (642),
and the antenna circuit further comprises:

a third tuning circuit (660), a first terminal of the
third tuning circuit (660) being connected with
the antenna unit (610), or the first terminal of the
third tuning circuit (660) being connected with
the first terminal of the second capacitor (642),
and a second terminal of the third tuning circuit
(660) being grounded;
the third tuning circuit (660) and the second ca-
pacitor (642) are configured to generate a res-
onant mode in each of the low frequency band

and the intermediate frequency band.

5. The antenna circuit according to claim 4, wherein
the third tuning circuit (660) comprises:

a third switch (661), a fourth inductor (662) and
a third capacitor (663);
wherein a first terminal of the third switch (661)
is connected with the antenna unit (610), or the
first terminal of the third switch (661) is connect-
ed with the first terminal of the second capacitor
(642);
a second terminal of the third switch (661) is
configured to be connected to one of a first ter-
minal of the fourth inductor (662) and a first ter-
minal of the third capacitor (663);
a second terminal of the fourth inductor (662)
and a second terminal of the third capacitor
(663) are connected to form a third connection
point, and the third connection point is grounded;
or
the antenna circuit further comprises:

a length adjusting inductor (670);
wherein a first terminal of the length adjust-
ing inductor (670) is connected with the feed
point (612), and a second terminal of the
length adjusting inductor (670) is connected
with the first terminal of the second capac-
itor (642).

6. The antenna circuit according to claims 2 or 4,

wherein when the second terminal of the first
switch (631) is not connected with any of the
second terminal of the first inductor (632), the
second terminal of the second inductor (633),
the second terminal of the first capacitor (634)
and the second end of the first through line (635),
and the second terminal of the second switch
(641) is connected with the second terminal of
the second capacitor (642), and
the antenna circuit further comprises:

a fourth tuning circuit (680), a first terminal
of the fourth tuning circuit (680) being con-
nected with the antenna unit (610), and a
second terminal of the fourth tuning circuit
(680) being grounded;
wherein the fourth tuning circuit (680) and
the second capacitor (642) are configured
to realize and tune the low frequency band.

7. The antenna circuit according to claim 6, wherein
the fourth tuning circuit (680) comprises:

a fourth switch (681), a fifth inductor (682), a
sixth inductor (683) and a fourth capacitor (684);
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wherein a first terminal of the fifth inductor (682),
a first terminal of the sixth inductor (683) and a
first terminal of the fourth capacitor (684) are
connected at a fifth connection point, and the
fifth connection point is grounded;
a first terminal of the fourth switch (681) is con-
nected with the antenna unit (610), and a second
end of the fourth switch (681) is configured to
be connected with one of a second terminal of
the fifth inductor (682), a second terminal of the
sixth inductor (683) and a second terminal of the
fourth capacitor (684); or
wherein when the antenna circuit comprises the
third tuning circuit (660), the third tuning circuit
(660) and the fourth tuning circuit (680) are con-
nected to a same location or different locations
of the antenna unit (610);
wherein, when the third tuning circuit (660) and
the fourth tuning circuit (680) are connected to
the same location of the antenna unit (610), the
third tuning circuit (660) and the fourth tuning
circuit (680) are combined to form a first com-
bined coordination circuit, the first combined co-
ordination circuit comprises:

a first combined switch, a first combined in-
ductor, a second combined inductor and a
first combined capacitor;
a first terminal of the first combined inductor,
a first terminal of the second combined in-
ductor and a first terminal of the first com-
bined capacitor are connected at a first com-
bined connection point, and the first com-
bined connection point is grounded;
a first terminal of the first combined switch
is connected with the antenna unit, a second
terminal of the first combined switch is con-
figured to be connected with one of a sec-
ond terminal of the first combined inductor,
a second terminal of the second combined
inductor and a second terminal of the first
combined capacitor;
when the second terminal of the first com-
bined switch is connected with the second
terminal of the first combined capacitor, the
first combined capacitor and the second ca-
pacitor are configured to generate two res-
onance modes in the low frequency band
and the intermediate frequency band; the
first combined inductor and the second
combined inductor are configured to tune
the resonance frequency in the low frequen-
cy band.

8. The antenna circuit according to claim 2 or 3, wherein
when the second terminal of the first switch (631) is
connected with one of the second terminal of the first
inductor (632), the second terminal of the second

inductor (633), the second terminal of the first ca-
pacitor (634) and the second end of the first through
line (635), and the antenna circuit further comprises:

a fifth tuning circuit (690);
wherein a first terminal of the fifth tuning circuit
(690) is connected with the antenna unit (610),
and a second terminal of the fifth tuning circuit
(690) is grounded;
the fifth tuning circuit (690) is configured to in-
crease a tuning range of the intermediate-high
frequency.

9. The antenna circuit according to claim 8, wherein
the fifth tuning circuit (690) comprises:

a fifth switch (691), a seventh inductor (692) and
a fifth capacitor (693);
wherein a first terminal of the seventh inductor
(692) is connected with a first terminal of the fifth
capacitor (693) to form a sixth connection point,
and the sixth connection point is grounded;
a first terminal of the fifth switch (691) is con-
nected with the antenna unit (610), and a second
terminal of the fifth switch (691) is configured to
be connected with one of a second terminal of
the seventh inductor (692) and a second termi-
nal of the fifth capacitor (693).

10. The antenna circuit according to claim 8, wherein
when the antenna circuit comprises the third inductor
(650), the third inductor (650) and the fifth tuning
circuit (690) are connected to a same location or dif-
ferent locations of the antenna unit (610);
wherein, when the third inductor (650) and the fifth
tuning circuit (690) are connected to the same loca-
tion of the antenna unit (610), the third inductor (650)
and the fifth tuning circuit (690) are combined to form
a second combined coordination circuit, the second
combined coordination circuit comprises:

a second combined switch, a third combined in-
ductor, a fourth combined inductor and a second
combined capacitor;
a first terminal of the third combined inductor, a
first terminal of the fourth combined inductor and
a first terminal of the second combined capacitor
are connected at a second combined connec-
tion point, and the second combined connection
point is grounded;
a first terminal of the second combined switch
is connected with the antenna unit, a second
terminal of the second combined switch is con-
figured to be connected with one of a second
terminal of the third combined inductor, a second
terminal of the fourth combined inductor and a
second terminal of the second combined capac-
itor.
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11. The antenna circuit according to claim 1, wherein
the distance from the feed point (612) to the non-
grounded end of the antenna unit (613) ranges from
15 mm to 30 mm, and the distance from the switching
circuit connection point (611) to the non-grounded
end of the antenna unit (613) ranges from 5 mm to
18 mm.

12. A mobile terminal, comprising the antenna circuit ac-
cording to any one of claims 1-11.

13. The mobile terminal according to claim 12, wherein
the mobile terminal comprises at least one of a mo-
bile phone, a tablet computer, a personal digital as-
sistant and a vehicle computer.

Patentansprüche

1. Antennenkreislauf, umfassend:

eine Antenneneinheit (610), wobei die Anten-
neneinheit (610) ein nicht geerdetes Ende (613)
und ein geerdetes Ende (614) gegenüber dem
nicht geerdeten Ende (613) umfasst;
einen Schaltkreisverbindungspunkt (611) und
einen Speisepunkt (612), die an der Antennen-
einheit (610) angeordnet sind,
eine Antennenspeisung (620), die mit dem Spei-
sepunkt (612) verbunden ist,
einen ersten Abstimmkreis (630), der mit dem
Schaltkreisverbindungspunkt (611) verbunden
ist, wobei der erste Abstimmkreis (630) dazu
konfiguriert ist, eine Bandbreite eines einzelnen
Resonanzmodus in einer Zwischen-Hochfre-
quenz zu erhöhen und/oder eine Resonanzfre-
quenz in der Zwischen-Hochfrequenz abzustim-
men;
einen zweiten Abstimmkreis (640), wobei ein
erster Anschluss des zweiten Abstimmkreises
(640) mit dem Speisepunkt (612) verbunden ist
und ein zweiter Anschluss des zweiten Ab-
stimmkreises (640) mit der Antennenspeisung
(620) verbunden ist; wobei ein Abstand vom
Speisepunkt (612) zum nicht geerdeten Ende
(613) der Antenneneinheit (610) größer als ein
Abstand vom Schaltkreisverbindungspunkt
(611) zum nicht geerdeten Ende (613) der An-
tenneneinheit (610) ist;
wobei der erste Abstimmkreis (630) Folgendes
umfasst:

einen ersten Schalter (631), einen ersten
Induktor (632), einen zweiten Induktor
(633), einen ersten Kondensator (634) und
eine erste Durchgangsleitung (635);
wobei ein erster Anschluss des ersten In-
duktors (632), ein erster Anschluss des

zweiten Induktors (633), ein erster An-
schluss des ersten Kondensators (634) und
ein erstes Ende der ersten Durchgangslei-
tung (635) an einem ersten Verbindungs-
punkt verbunden sind und der erste Verbin-
dungspunkt geerdet ist;
ein erster Anschluss des ersten Schalters
(631) ist mit dem Schaltkreisverbindungs-
punkt (611) verbunden, ein zweiter An-
schluss des ersten Schalters (631) ist kon-
figuriert, um mit einem zwischen einem
zweiten Anschluss des ersten Induktors
(632), einem zweiten Anschluss des zwei-
ten Induktors (633), einem zweiten An-
schluss des ersten Kondensators (634) und
einem zweiten Ende der ersten Durch-
gangsleitung (635) verbunden zu sein, oder
der zweite Anschluss des ersten Schalters
(631) ist konfiguriert, um nicht mit einem be-
liebigen zwischen dem zweiten Anschluss
des ersten Induktors (632), dem zweiten
Anschluss des zweiten Induktors (633),
dem zweiten Anschluss des ersten Konden-
sators (634) und dem zweiten Ende der ers-
ten Durchgangsleitung (635) verbunden zu
sein;
wobei, wenn der zweite Anschluss des ers-
ten Schalters (631) mit einem zwischen
dem zweiten Anschluss des ersten Induk-
tors (632), dem zweiten Anschluss des
zweiten Induktors (633), dem zweiten An-
schluss des ersten Kondensators (634) und
dem zweiten Ende der ersten Durchgangs-
leitung (635) verbunden ist, der zweite Ab-
stimmkreis (640) konfiguriert ist, um die
Bandbreite der Zwischenfrequenz und/oder
der Hochfrequenz in einem Nicht-Träger-
Aggregationszustand und einem Träger-
Aggregationszustand abzustimmen.

2. Antennenkreislauf nach Anspruch 1, wobei der zwei-
te Abstimmkreis (640) Folgendes umfasst:

einen zweiten Schalter (641), einen zweiten
Kondensator (642) und eine zweite Durch-
gangsleitung (643), wobei ein erster Anschluss
des zweiten Kondensators (642) mit einem ers-
ten Ende der zweiten Durchgangsleitung (643)
verbunden ist, um einen zweiten Verbindungs-
punkt zu bilden, und der zweite Verbindungs-
punkt ist mit der Antennenspeisung (620) ver-
bunden;
ein erster Anschluss des zweiten Schalters
(641) ist mit dem Speisepunkt (612) verbunden
und ein zweiter Anschluss des zweiten Schal-
ters (641) ist dazu konfiguriert, mit einem zwei-
ten Anschluss des zweiten Kondensators (642)
oder einem zweiten Ende der zweiten Durch-
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gangsleitung (643) verbunden zu sein;
wobei, wenn der zweite Anschluss des ersten
Schalters (631) mit einem zwischen dem zwei-
ten Anschluss des ersten Induktors (632), dem
zweiten Anschluss des zweiten Induktors (633),
dem zweiten Anschluss des ersten Kondensa-
tors (634) und dem zweiten Ende der ersten
Durchgangsleitung (635) verbunden ist und der
zweite Anschluss des zweiten Schalters (641)
mit dem zweiten Ende der zweiten Durchgangs-
leitung (643) verbunden ist, der Antennenkreis-
lauf im Nicht-Träger-Aggregationszustand ar-
beitet.

3. Antennenkreislauf nach Anspruch 2, wobei, wenn
der zweite Anschluss des ersten Schalters (631)
nicht mit einem beliebigen zwischen dem zweiten
Anschluss des ersten Induktors (632), dem zweiten
Anschluss des zweiten Induktors (633), dem zweiten
Anschluss des ersten Kondensators (634) und dem
zweiten Ende der ersten Durchgangsleitung (635)
verbunden ist, und der zweite Anschluss des zweiten
Schalters (641) mit dem zweiten Anschluss des
zweiten Kondensators (642) verbunden ist, ein Re-
sonanzmodus in einem Niederfrequenzband er-
zeugt wird; oder wenn der zweite Anschluss des ers-
ten Schalters (631) mit einem zwischen dem zweiten
Anschluss des ersten Induktors (632), dem zweiten
Anschluss des zweiten Induktors (633), dem zweiten
Anschluss des ersten Kondensators (634) und dem
zweiten Ende der ersten Durchgangsleitung (635)
verbunden ist, und der Antennenkreislauf ferner Fol-
gendes umfasst:

einen dritten Induktor (650);
wobei ein erster Anschluss des dritten Induktors
(650) mit der Antenneneinheit (610) verbunden
ist und ein zweiter Anschluss des dritten Induk-
tors (650) geerdet ist;
wenn der zweite Anschluss des zweiten Schal-
ters (641) mit dem zweiten Anschluss des zwei-
ten Kondensators (642) verbunden ist, arbeitet
der Antennenkreislauf im Träger-Aggregations-
zustand, wobei der dritte Induktor (650) und
der zweite Kondensator (642) konfiguriert sind,
um den einzelnen Resonanzmodus in zwei Re-
sonanzmodi umzuwandeln.

4. Antennenkreislauf nach Anspruch 2, wobei, wenn
der zweite Anschluss des ersten Schalters (631)
nicht mit einem beliebigen zwischen dem zweiten
Anschluss des ersten Induktors (632), dem zweiten
Anschluss des zweiten Induktors (633), dem zweiten
Anschluss des ersten Kondensators (634) und dem
zweiten Ende der ersten Durchgangsleitung (635)
verbunden ist, und der zweite Anschluss des zweiten
Schalters (641) mit dem zweiten Anschluss des
zweiten Kondensators (642) verbunden ist, und der

Antennenkreislauf ferner Folgendes umfasst:

einen dritten Abstimmkreis (660), wobei ein ers-
ter Anschluss des dritten Abstimmkreises (660)
mit der Antenneneinheit (610) verbunden ist,
oder der erste Anschluss des dritten Abstimm-
kreises (660) mit dem ersten Anschluss des
zweiten Kondensators (642) verbunden ist, und
ein zweiter Anschluss des dritten Abstimmkrei-
ses (660) geerdet ist;
der dritte Abstimmkreis (660) und der zweite
Kondensator (642) sind konfiguriert, um einen
Resonanzmodus in einem jeden des Niederfre-
quenzbands und des Zwischenfrequenzbands
zu erzeugen.

5. Antennenkreislauf nach Anspruch 4, wobei der dritte
Abstimmkreis (660) Folgendes umfasst:

einen dritten Schalter (661), einen vierten Induk-
tor (662) und einen dritten Kondensator (663);
wobei ein erster Anschluss des dritten Schalters
(661) mit der Antenneneinheit (610) verbunden
ist oder der erste Anschluss des dritten Schal-
ters (661) mit dem ersten Anschluss des zweiten
Kondensators (642) verbunden ist;
ein zweiter Anschluss des dritten Schalters
(661) ist konfiguriert, um mit einem zwischen ei-
nem ersten Anschluss des vierten Induktors
(662) und einem ersten Anschluss des dritten
Kondensators (663) verbunden zu sein;
ein zweiter Anschluss des vierten Induktors
(662) und
ein zweiter Anschluss des dritten Kondensators
(663) sind verbunden, um einen dritten Verbin-
dungspunkt zu bilden, und der dritte Verbin-
dungspunkt ist geerdet;
oder
der Antennenkreislauf ferner Folgendes um-
fasst:

eine Längeneinstelldrossel (670);
wobei ein erster Anschluss der Längenein-
stelldrossel (670) mit dem Speisepunkt
(612) verbunden ist und ein zweiter An-
schluss der Längeneinstelldrossel (670) mit
dem ersten Anschluss des zweiten Konden-
sators (642) verbunden ist.

6. Antennenkreislauf nach Anspruch 2 oder 4, wobei,
wenn der zweite Anschluss des ersten Schalters
(631) nicht mit einem beliebigen zwischen dem zwei-
ten Anschluss des ersten Induktors (632), dem zwei-
ten Anschluss des zweiten Induktors (633), dem
zweiten Anschluss des ersten Kondensators (634)
und dem zweiten Ende der ersten Durchgangslei-
tung (635) verbunden ist, und der zweite Anschluss
des zweiten Schalters (641) mit dem zweiten An-
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schluss des zweiten Kondensators (642) verbunden
ist, und der Antennenkreislauf ferner Folgendes um-
fasst:
einen vierten Abstimmkreis (680), wobei ein erster
Anschluss des vierten Abstimmkreises (680) mit der
Antenneneinheit (610) verbunden ist und ein zweiter
Anschluss des vierten Abstimmkreises (680) geer-
det ist; wobei der vierte Abstimmkreis (680) und der
zweite Kondensator (642) dazu konfiguriert sind, das
Niederfrequenzband zu realisieren und abzustim-
men.

7. Antennenkreislauf nach Anspruch 6, wobei der vier-
te Abstimmkreis (680) Folgendes umfasst:

einen vierten Schalter (681), einen fünften In-
duktor (682), einen sechsten Induktor (683) und
einen vierten Kondensator (684);
wobei ein erster Anschluss des fünften Induk-
tors (682), ein erster Anschluss des sechsten
Induktors (683) und ein erster Anschluss des
vierten Kondensators (684) an einem fünften
Verbindungspunkt verbunden sind und der fünf-
te Verbindungspunkt geerdet ist;
ein erster Anschluss des vierten Schalters (681)
ist mit der Antenneneinheit (610) verbunden und
ein zweites Ende des vierten Schalters (681) ist
dazu konfiguriert, mit einem zwischen einem
zweiten Anschluss des fünften Induktors (682),
einem zweiten Anschluss des sechsten Induk-
tors (683) und einem zweiten Anschluss des
vierten Kondensators (684) verbunden zu sein;
oder
wobei, wenn der Antennenkreislauf den dritten
Abstimmkreis (660) umfasst, der dritte Ab-
stimmkreis (660) und der vierte Abstimmkreis
(680) mit einer gleichen Stelle oder verschiede-
nen Stellen der Antenneneinheit (610) verbun-
den sind;
wobei, wenn der dritte Abstimmkreis (660) und
der vierte Abstimmkreis (680) mit der gleichen
Stelle der Antenneneinheit (610) verbunden
sind, der dritte Abstimmkreis (660) und der vierte
Abstimmkreis (680) kombiniert werden, um ei-
nen ersten kombinierten Koordinationskreislauf
zu bilden, der erste kombinierte Koordinations-
kreislauf Folgendes umfasst:

einen ersten kombinierten Schalter, einen
ersten kombinierten Induktor, einen zwei-
ten kombinierten Induktor und einen ersten
kombinierten Kondensator;
ein erster Anschluss des ersten kombinier-
ten Induktors, ein erster Anschluss des
zweiten kombinierten Induktors und ein ers-
ter Anschluss des ersten kombinierten Kon-
densators sind an einem ersten kombinier-
ten Verbindungspunkt verbunden und der

erste kombinierte Verbindungspunkt ist ge-
erdet;
ein erster Anschluss des ersten kombinier-
ten Schalters ist mit der Antenneneinheit
verbunden, ein zweiter Anschluss des ers-
ten kombinierten Schalters ist konfiguriert,
um mit einem zwischen einem zweiten An-
schluss des ersten kombinierten Induktors,
einem zweiten Anschluss des zweiten kom-
binierten Induktors und einem zweiten An-
schluss des ersten kombinierten Konden-
sators verbunden zu sein;
wenn der zweite Anschluss des ersten kom-
binierten Schalters mit dem zweiten An-
schluss des ersten kombinierten Konden-
sators verbunden ist, sind der erste kombi-
nierte Kondensator und der zweite Konden-
sator dazu konfiguriert, zwei Resonanzmo-
di im Niederfrequenzband und im Zwi-
schenfrequenzband zu erzeugen; der erste
kombinierte Induktor und der zweite kombi-
nierte Induktor sind dazu konfiguriert, die
Resonanzfrequenz im Niederfrequenz-
band abzustimmen.

8. Antennenkreislauf nach Anspruch 2 oder 3, wobei,
wenn der zweite Anschluss des ersten Schalters
(631) mit einem zwischen dem zweiten Anschluss
des ersten Induktors (632), dem zweiten Anschluss
des zweiten Induktors (633), dem zweiten Anschluss
des ersten Kondensators (634) und dem zweiten En-
de der ersten Durchgangsleitung (635) verbunden
ist, und der Antennenkreislauf ferner Folgendes um-
fasst:

einen fünften Abstimmkreis (690);
wobei ein erster Anschluss des fünften Ab-
stimmkreises (690) mit der Antenneneinheit
(610) verbunden ist und ein zweiter Anschluss
des fünften Abstimmkreises (690) geerdet ist;
der fünfte Abstimmkreis (690) ist dazu konfigu-
riert,
einen Abstimmbereich der Zwischen-Hochfre-
quenz zu erhöhen.

9. Antennenkreislauf nach Anspruch 8, wobei der fünf-
te Abstimmkreis (690) Folgendes umfasst:

einen fünften Schalter (691), einen siebten In-
duktor (692) und einen fünften Kondensator
(693);
wobei ein erster Anschluss des siebten Induk-
tors (692) mit einem ersten Anschluss des fünf-
ten Kondensators (693) verbunden ist, um einen
sechsten Verbindungspunkt zu bilden, und der
sechste Verbindungspunkt geerdet ist; ein ers-
ter Anschluss des fünften Schalters (691) ist mit
der Antenneneinheit (610) verbunden und ein
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zweiter Anschluss des fünften Schalters (691)
ist konfiguriert, um mit einem zwischen einem
zweiten Anschluss des siebten Induktors (692)
und einem zweiten Anschluss des fünften Kon-
densators (693) verbunden zu sein.

10. Antennenkreislauf nach Anspruch 8, wobei, wenn
der Antennenkreislauf den dritten Induktor (650) um-
fasst, der dritte Induktor (650) und der fünfte Ab-
stimmkreis (690) mit einer gleichen Stelle oder ver-
schiedenen Stellen der Antenneneinheit (610) ver-
bunden sind; wobei, wenn der dritte Induktor (650)
und der fünfte Abstimmkreis (690) mit der gleichen
Stelle der Antenneneinheit (610) verbunden sind,
der dritte Induktor (650) und der fünfte Abstimmkreis
(690) kombiniert werden, um einen zweiten kombi-
nierten Koordinationskreislauf zu bilden, der zweite
kombinierte Koordinationskreislauf Folgendes um-
fasst:

einen zweiten kombinierten Schalter, einen drit-
ten kombinierten Induktor, einen vierten kombi-
nierten Induktor und einen zweiten kombinierten
Kondensator;
ein erster Anschluss des dritten kombinierten In-
duktors, ein erster Anschluss des vierten kom-
binierten Induktors und ein erster Anschluss des
zweiten kombinierten Kondensators sind an ei-
nem zweiten kombinierten Verbindungspunkt
verbunden und der zweite kombinierte Verbin-
dungspunkt ist geerdet;
ein erster Anschluss des zweiten kombinierten
Schalters ist mit der Antenneneinheit verbun-
den, ein zweiter Anschluss des zweiten kombi-
nierten Schalters ist dazu konfiguriert, mit einem
zwischen einem zweiten Anschluss des dritten
kombinierten Induktors, einem zweiten An-
schluss des vierten kombinierten Induktors und
einem zweiten Anschluss des zweiten kombi-
nierten Kondensators verbunden zu sein.

11. Antennenkreislauf nach Anspruch 1, wobei der Ab-
stand vom Speisepunkt (612) zum nicht geerdeten
Ende der Antenneneinheit (613) im Bereich von 15
mm bis 30 mm liegt und der Abstand vom Schalt-
kreisverbindungspunkt (611) zum nicht geerdeten
Ende der Antenneneinheit (613) im Bereich von 5
mm bis 18 mm liegt.

12. Mobiles Endgerät, umfassend den Antennenkreis-
lauf nach einem der Ansprüche 1-11.

13. Mobiles Endgerät nach Anspruch 12, wobei das mo-
bile Endgerät mindestens eines zwischen einem Mo-
biltelefon, einem Tablet-Computer, einem persönli-
chen digitalen Assistenten und einem Fahrzeug-
computer umfasst.

Revendications

1. Circuit d’antenne, comprenant :

une unité d’antenne (610), dans laquelle l’unité
d’antenne (610) comprend une extrémité n’étant
pas mise à la terre (613) et une extrémité mise
à la terre (614) opposée à l’extrémité n’étant pas
mise à la terre (613) ;
un point de connexion de circuit de commutation
(611) et un point d’alimentation (612) étant dis-
posés sur l’unité d’antenne (610),
une alimentation d’antenne (620) connectée au
point d’alimentation (612),
un premier circuit d’accord (630) connecté au
point de connexion de circuit de commutation
(611), le premier circuit d’accord (630) est con-
figuré pour augmenter une largeur de bande
d’un mode de résonance unique dans une fré-
quence intermédiaire-haute et/ou accorder une
fréquence de résonance dans la fréquence in-
termédiaire-haute ;
un deuxième circuit d’accord (640), dans lequel
une première borne du deuxième circuit d’ac-
cord (640) étant connecté au point d’alimenta-
tion (612), et une deuxième borne du deuxième
circuit d’accord (640) étant connectée à l’ali-
mentation d’antenne (620) ; dans lequel une dis-
tance entre le point d’alimentation (612) et l’ex-
trémité n’étant pas mise à la terre (613) de l’unité
d’antenne (610) est supérieure à une distance
entre le point de connexion de circuit de com-
mutation (611) et l’extrémité n’étant pas mise à
la terre (613) de l’unité d’antenne (610) ;
dans lequel le premier circuit d’accord (630)
comprend :

un premier commutateur (631), une premiè-
re bobine d’induction (632), une deuxième
bobine d’induction (633), un premier con-
densateur (634) et une première ligne de
transit (635) ;
dans lequel une première borne de la pre-
mière bobine d’induction (632), une premiè-
re borne de la deuxième bobine d’induction
(633), une première borne du premier con-
densateur (634) et une première extrémité
de la première ligne de transit (635) sont
connectées à un premier point de con-
nexion, et le premier point de connexion est
mis à la terre ;
une première borne du premier commuta-
teur (631) est connectée au point de con-
nexion du circuit de commutation (611), une
deuxième borne du premier commutateur
(631) est configurée pour être connectée à
l’un des éléments parmi une deuxième bor-
ne de la première bobine d’induction (632),
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une deuxième borne de la deuxième bobine
d’induction (633), une deuxième borne du
premier condensateur (634) et une deuxiè-
me extrémité de la première ligne de transit
(635), ou la deuxième borne du premier
commutateur (631) est configurée pour ne
pas être connectée à l’un quelconque des
éléments parmi la deuxième borne de la
première bobine d’induction (632),
la deuxième borne de la deuxième bobine
d’induction (633), la deuxième borne du
premier condensateur (634) et la deuxième
extrémité de la première ligne de transit
(635) ;
dans lequel, lorsque la deuxième borne du
premier commutateur (631) est connectée
à l’un des éléments parmi la deuxième bor-
ne de la première bobine d’induction (632),
la deuxième borne de la deuxième bobine
d’induction (633), la deuxième borne du
premier condensateur (634) et la deuxième
extrémité de la première ligne de transit
(635), le deuxième circuit d’accord (640) est
configuré pour accorder la largeur de bande
de la fréquence intermédiaire et/ou de la
haute fréquence dans un état d’agrégation
sans porteuse et
dans un état d’agrégation à porteuse.

2. Circuit d’antenne selon la revendication 1, dans le-
quel le deuxième circuit d’accord (640) comprend :

un deuxième commutateur (641), un deuxième
condensateur (642) et une deuxième ligne de
transit (643), dans lequel une première borne
du deuxième condensateur (642) est connectée
à une première extrémité de la deuxième ligne
de transit (643) pour former un deuxième point
de connexion, et le deuxième point de con-
nexion est connecté à la source primaire d’an-
tenne (620) ;
une première borne du deuxième commutateur
(641) est connectée au point d’alimentation
(612), et une deuxième borne du deuxième com-
mutateur (641) est configurée pour être connec-
tée à une deuxième borne du deuxième con-
densateur (642) ou à une deuxième extrémité
de la deuxième ligne de transit (643) ;
dans lequel, lorsque la deuxième borne du pre-
mier commutateur (631) est connectée à l’un
des éléments parmi la deuxième borne de la pre-
mière bobine d’induction (632), la deuxième bor-
ne de la deuxième bobine d’induction (633), la
deuxième borne du premier condensateur (634)
et la deuxième extrémité de la première ligne de
transit (635), et que la deuxième borne du
deuxième commutateur (641) est connectée à
la deuxième extrémité de la deuxième ligne de

transit (643), le circuit d’antenne fonctionne
dans l’état d’agrégation sans porteuse.

3. Circuit d’antenne selon la revendication 2, dans le-
quel lorsque la deuxième borne du premier commu-
tateur (631) n’est pas connectée à l’un quelconque
des éléments parmi la deuxième borne de la premiè-
re bobine d’induction (632), la deuxième borne de la
deuxième bobine d’induction (633), la deuxième bor-
ne du premier condensateur (634) et la deuxième
extrémité de la première ligne de transit (635), et que
la deuxième borne du deuxième commutateur (641)
est connectée à la deuxième borne du deuxième
condensateur (642), un mode de résonance dans
une bande de basse fréquence est généré ; ou lors-
que la deuxième borne du premier commutateur
(631) est connectée à l’un des éléments parmi la
deuxième borne de la première bobine d’induction
(632), la deuxième borne de la deuxième bobine d’in-
duction (633), la deuxième borne du premier con-
densateur (634) et la deuxième extrémité de la pre-
mière ligne de transit (635), et que le circuit d’anten-
ne comprend de plus :

une troisième bobine d’induction (650) ;
dans lequel une première borne de la troisième
bobine d’induction (650) est connectée à l’unité
d’antenne (610), et une deuxième borne de la
troisième bobine d’induction (650) est mise à la
terre ;
lorsque la deuxième borne du deuxième com-
mutateur (641) est connectée à la deuxième bor-
ne du deuxième condensateur (642), le circuit
d’antenne fonctionne dans l’état d’agrégation à
porteuse, dans lequel la troisième bobine d’in-
duction (650) et le deuxième condensateur
(642) sont configurés pour convertir le mode de
résonance unique en deux modes de résonan-
ces.

4. Circuit d’antenne selon la revendication 2, dans le-
quel, lorsque la deuxième borne du premier commu-
tateur (631) n’est pas connectée à l’un quelconque
des éléments parmi la deuxième borne de la premiè-
re bobine d’induction (632), la deuxième borne de la
deuxième bobine d’induction (633), la deuxième bor-
ne du premier condensateur (634) et la deuxième
extrémité de la première ligne de transit (635), et que
la deuxième borne du deuxième commutateur (641)
est connectée à la deuxième borne du deuxième
condensateur (642), et que le circuit d’antenne com-
prend de plus :

un troisième circuit d’accord (660), une première
borne du troisième circuit d’accord (660) étant
connectée à l’unité d’antenne (610), ou la pre-
mière borne du troisième circuit d’accord (660)
étant connectée à la première borne du deuxiè-
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me condensateur (642), et une deuxième borne
du troisième circuit d’accord (660) étant mise à
la terre ;
le troisième circuit d’accord (660) et le deuxième
condensateur (642) sont configurés pour géné-
rer un mode de résonance dans chacune des
bandes de basse fréquence et de fréquence in-
termédiaire.

5. Circuit d’antenne selon la revendication 4, dans le-
quel le troisième circuit d’accord (660) comprend :

un troisième commutateur (661), une quatrième
bobine d’induction (662) et un troisième conden-
sateur (663) ;
dans lequel une première borne du troisième
commutateur (661) est connectée à l’unité d’an-
tenne (610), ou la première borne du troisième
commutateur (661) est connectée à la première
borne du deuxième condensateur (642) ;
une deuxième borne du troisième commutateur
(661) est configurée pour être connectée à au
moins l’une des bornes parmi une première bor-
ne de la quatrième bobine d’induction (662) et
une première borne du troisième condensateur
(663) ;
une deuxième borne de la quatrième bobine
d’induction (662) et une deuxième borne du troi-
sième condensateur (663) sont connectées
pour former un troisième point de connexion, et
le troisième point de connexion est mis à la
terre ; ou
le circuit d’antenne comprend de plus :

une bobine d’induction de réglage de lon-
gueur (670) ; dans lequel une première bor-
ne de la bobine d’induction de réglage de
longueur (670) est connectée au point d’ali-
mentation (612), et une deuxième borne de
la bobine d’induction de réglage de lon-
gueur (670) est connectée à la première
borne du deuxième condensateur (642).

6. Circuit d’antenne selon la revendication 2 ou 4, dans
lequel, lorsque la deuxième borne du premier com-
mutateur (631) n’est pas connectée à l’un quelcon-
que des éléments parmi la deuxième borne de la
première bobine d’induction (632), la deuxième bor-
ne de la deuxième bobine d’induction (633), la
deuxième borne du premier condensateur (634) et
la deuxième extrémité de la première ligne de transit
(635), et que la deuxième borne du deuxième com-
mutateur (641) est connectée à la deuxième borne
du deuxième condensateur (642), et que le circuit
d’antenne comprend de plus :
un quatrième circuit d’accord (680), une première
borne du quatrième circuit d’accord (680) étant con-
nectée à l’unité d’antenne (610), et une deuxième

borne du quatrième circuit d’accord (680) étant mise
à la terre ; dans lequel le quatrième circuit d’accord
(680) et le deuxième condensateur (642) sont con-
figurés pour réaliser et accorder la bande de basse
fréquence.

7. Circuit d’antenne selon la revendication 6, dans le-
quel le quatrième circuit d’accord (680) comprend :

un quatrième commutateur (681), une cinquiè-
me bobine d’induction (682), une sixième bobi-
ne d’induction (683) et un quatrième condensa-
teur (684) ;
dans lequel une première borne de la cinquième
bobine d’induction (682), une première borne de
la sixième bobine d’induction (683) et une pre-
mière borne du quatrième condensateur (684)
sont connectées à un cinquième point de con-
nexion, et le cinquième point de connexion est
mis à la terre ;
une première borne du quatrième commutateur
(681) est connectée à l’unité d’antenne (610),
et une deuxième extrémité du quatrième com-
mutateur (681) est configurée pour être connec-
tée à l’un des éléments parmi une deuxième bor-
ne de la cinquième bobine d’induction (682),
une deuxième borne de la sixième bobine d’in-
duction (683) et une deuxième borne du qua-
trième condensateur (684) ;
ou
dans lequel, lorsque le circuit d’antenne com-
prend le troisième circuit d’accord (660), le troi-
sième circuit d’accord (660) et le quatrième cir-
cuit d’accord (680) sont connectés à un même
emplacement ou à différents emplacements de
l’unité d’antenne (610) ;
dans lequel, lorsque le troisième circuit d’accord
(660) et le quatrième circuit d’accord (680) sont
connectés au même emplacement de l’unité
d’antenne (610), le troisième circuit d’accord
(660) et le quatrième circuit d’accord (680) sont
combinés pour former un premier circuit de coor-
dination combiné, le premier circuit de coordi-
nation combiné comprend :

un premier commutateur combiné, une pre-
mière bobine d’induction combinée, une
deuxième bobine d’induction combinée et
un premier condensateur combiné ;
une première borne de la première bobine
d’induction combinée, une première borne
de la deuxième bobine d’induction combi-
née et une première borne du premier con-
densateur combiné sont connectées à un
premier point de connexion combiné, et le
premier point de connexion combiné est mis
à la terre ;
une première borne du premier commuta-
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teur combiné est connectée à l’unité d’an-
tenne, une deuxième borne du premier
commutateur combiné est configurée pour
être connectée à l’une des bornes parmi
une deuxième borne de la première bobine
d’induction combinée, une deuxième borne
de la deuxième bobine d’induction combi-
née et une deuxième borne du premier con-
densateur combiné ;
lorsque la deuxième borne du premier com-
mutateur combiné est connectée à la
deuxième borne du premier condensateur
combiné, le premier condensateur combiné
et le deuxième condensateur sont configu-
rés pour générer deux modes de résonance
dans la bande de basse fréquence et la ban-
de de fréquence intermédiaire ; la première
bobine d’induction combinée et la deuxième
bobine d’induction combinée sont configu-
rées pour accorder la fréquence de réso-
nance dans la bande de basse fréquence.

8. Circuit d’antenne selon la revendication 2 ou 3, dans
lequel lorsque la deuxième borne du premier com-
mutateur (631) est connectée à l’un des éléments
parmi la deuxième borne de la première bobine d’in-
duction (632), la deuxième borne de la deuxième
bobine d’induction (633), la deuxième borne du pre-
mier condensateur (634) et la deuxième extrémité
de la première ligne de transit (635), et que le circuit
d’antenne comprend de plus :

un cinquième circuit d’accord (690) ;
dans lequel une première borne du cinquième
circuit d’accord (690) est connectée à l’unité
d’antenne (610),
et une deuxième borne du cinquième circuit
d’accord (690) est mise à la terre ;
le cinquième circuit d’accord (690) est configuré
pour augmenter une plage d’accord de la fré-
quence intermédiaire-haute.

9. Circuit d’antenne selon la revendication 8, dans le-
quel le cinquième circuit d’accord (690) comprend :

un cinquième commutateur (691), une septième
bobine d’induction (692) et un cinquième con-
densateur (693) ;
dans lequel une première borne de la septième
bobine d’induction (692) est connectée à une
première borne du cinquième condensateur
(693) pour former un sixième point de con-
nexion, et le sixième point de connexion est mis
à la terre ;
une première borne du cinquième commutateur
(691) est connectée à l’unité d’antenne (610),
et une deuxième borne du cinquième commu-
tateur (691) est configurée pour être connectée

à l’une des bornes parmi une deuxième borne
de la septième bobine d’induction (692) et une
deuxième borne du cinquième condensateur
(693).

10. Circuit d’antenne selon la revendication 8, dans le-
quel, lorsque le circuit d’antenne comprend la troi-
sième bobine d’induction (650), la troisième bobine
d’induction (650) et le cinquième circuit d’accord
(690) sont connectés à un même emplacement ou
à différents emplacements de l’unité d’antenne
(610) ;
dans lequel, lorsque la troisième bobine d’induction
(650) et le cinquième circuit d’accord (690) sont con-
nectés au même emplacement de l’unité d’antenne
(610), la troisième bobine d’induction (650) et le cin-
quième circuit d’accord (690) sont combinés pour
former un deuxième circuit de coordination combiné,
le deuxième circuit de coordination combiné
comprend :

un deuxième commutateur combiné, une troi-
sième bobine d’induction combinée, une qua-
trième bobine d’induction combinée et un
deuxième condensateur combiné ;
une première borne de la troisième bobine d’in-
duction combinée, une première borne de la
quatrième bobine d’induction combinée et une
première borne du deuxième condensateur
combiné sont connectées à un deuxième point
de connexion combiné, et le deuxième point de
connexion combiné est mis à la terre ;
une première borne du deuxième commutateur
combiné est connectée à l’unité d’antenne, une
deuxième borne du deuxième commutateur
combiné est configurée pour être connectée à
l’une des bornes parmi une deuxième borne de
la troisième bobine d’induction combinée, une
deuxième borne de la quatrième bobine d’induc-
tion combinée et une deuxième borne du
deuxième condensateur combiné.

11. Circuit d’antenne selon la revendication 1, dans le-
quel la distance entre le point d’alimentation (612)
et l’extrémité n’étant pas mise à la terre de l’unité
d’antenne (613) est comprise entre 15 et 30 mm, et
la distance entre le point de connexion du circuit de
commutation (611) et l’extrémité n’étant pas mise à
la terre de l’unité d’antenne (613) est comprise entre
5 et 18 mm.

12. Terminal mobile, comprenant le circuit d’antenne se-
lon l’une quelconque des revendications 1-11.

13. Terminal mobile selon la revendication 12, dans le-
quel le terminal mobile comprend au moins un élé-
ment parmi un téléphone mobile, une tablette élec-
tronique, un assistant numérique personnel et un or-
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dinateur de bord.
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